® 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 



liiiiiiiiiiiiiii 

0 Publication number: 0 611 809 A2 



® 



EUROPEAN PATENT APPLICATION 



© Application number: 94101602.4 
@ Date of filing: 03.02.94 


® int CIA C09D 5/02, C09D 157/00, 
C08J 3/02, C08F 2/22 


® Priority: 18.02^3 US 19633 


Applicant: THE GUODEN COMPANY 


16.12.93 US 167187 


925 Euclid Avenue 


27.12.93 US 173089 


Cleveland Ohio 44115 (US) 


02.09.93 US 115109 






V^^/ invoiuui- wvctuii, victiy rttytx^v 


® Date of publication of application: 


409 Crescent Drive 


24.0a94 Bulfetin 94/34 


Berea, Ohio 44017 (US) 


® Designated Contracting States: 


Inventor: Rosekelly, George Stephne 


15209 Athens Avenue 


BE DE ES FR GB IT 


Lakewood, Ohio 44107 (US) 




Inventor: Floyd, Frederick Louis 




1400 East-West Highway, 




Apartment 623 




Silver Springs, Maryland 20910 (US) 




@ Representative: Cooper, Alan Victor et al 




Id Group Patents Services Dept 




PO Box 6 




Shire Park 




Bessemer Road 




Welvt^ Garden City Herts, AL7 1HD (GB) 



@ Latex paints with microemulslon modifier and process for their preparation. 



o 

00 
r- 



Ql 
UJ 



® An aqueous ambient dry paint coating based on an addition copolymer matrix polymer containing an 
oligomer selected from a polyurethane or a polyester having a Tg below -20*C and a number average molecular 
weight t>etween 200 and 20,000. where the coating is free of organic coalescing solvents. The matrix polymer 
comprises emulsion copolymerized ethylenic monomers. In a preferred process, the oligomer is produced by 
forming an aqueous micro-preemulsion of oligomer in water by high shear mixing of oligomer and water 
containing 40% to 70% by weight oligomer and at temperatures between atout 20**C and 100°C to provide an 
aqueous pre-emulsion having an organic phase droplet size less than 10 microns. The polymeric binder can be 
produced also by mixing the oligomer with the ethyfenic monomers to form an organic mixture of monomer and 
oligomer, providing an aqueous micro dispersion of the organic mixture phase droplet size less than 5 microns, 
and copolymertzing the monomer to produce a vinyl acetate polymer containing oligomer. The polymeric binder 
system Is free of coalescing organic solvent. 
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cwolym., conslMina of M^^z« vinyl (S0%7aM ™w Si. f SlTCh", T' ^'f' 

a coalescing solvent, higher levels of soft como?ome?2rip^rrd leTC^^^^^ 
hence, the final dried fii. would t,e undesirably soft. excesslver4l.;nrdV s^^^^^^^^^ 

atoms in length, which have boiling points typically above 200«r ^n/c«h^.it °' 7 Xo 12 carbon 

In polymer technologies unrelated to air-drv vinvl acetate latey nainte r..^*^ ^ . 

prepoiymers. u.i,. 4.588,757 pertaining to laminating adhesives. or in U.S 3 953 388 Z^d n<i am-, «o 
pertammg to aqueous emulsion blends containing cellulosic ester/acrylic polymerf ' 
It now has been found that certain non-volatile softening oligomeric modifiers comt,afihl« w,«h 
aqueous emulsion addition copolymer binder in a consumer latex ilnt^n Tr^et^ne^ i7,he 
film permanently. Accordingly this invention provides an aqueous air-drv^MtiL Tn.^!^ J. !f 
emulsion polymerised polymeric binder having a Tg below ZO-clinh K^n '^ f ^" 
copolymer of aqueous polymerised ethy.enic monomers w^Sein f^ b^Jer a.rcontaS? to'Vo?''?'" 

srraT^.~^^^^^ — r'"« ^ n,rurw:ir.:t:rs 

g oeiow 20 C and wherein the oligomer modifier is present in the aqueous composition in a 
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micro-emulsion of droplets having a droplet size of less than 10 microns. Softening oligomer modifiers of 
this invention can be incorporated Into the paint where the oligomer will be retained permanently in the final 
paint film. Hence, the paint will not generate an odour while drying nor emit a residual odour from the dried 
paint film or otherwise emit VOC's. The softening oligomeric modifiers of this invention externally modify 
5 the emulsion copolymer matrix polymer and are not coreacted with the emulsion copolymer polymeric 
binder. The softening oligomeric modifiers appear to function by a chain-spacing mechanism to soften the 
matrix copolymers whereby the oligomeric modifiers provide low temperature film formation and tack-free 
films less prone to soiling at a given hardness and/or flexibility than ordinarily possible. Particularly 
preferred emulsion copolymer matrix polymers comprising polyvinyl acetate copolymers. A further advan- 
10 tage of this Invention enables the use of essentially all hard polymer units of polyvinyl acetate without the 
need for internal plasticization (coreaction) with soft butyl acrylate polymeric units. 

The present invention is based on a softening oligomeric modifiers having a low and narrow molecular 
weight range where the oligomer will not subsequently diffuse out of the matrix polymer when properly 
dispersed into the polymeric binder phase. Preferred oligomers are non-volatile oligomers having a 
T5 molecular weight between about 300 and 10,000. Lower molecular weight compounds tend to be volatile 
and cause excessive plasticizer migration while higher molecular weight polymers lose low temperature 
film-forming and softening effects, although molecular weights above 10,000 and in some instances up to 
20,000 can be used with softer matrix polymers. 

According to a preferred process of this invention, a low molecular weight oJigomer can be surprisingly 
20 dispersed by high shear into water under heat and pressure to provide a submlcron emulsified aqueous 
mixture of oligomer stably dispersed in water. The micro-emulsified mixture in turn, can be readily mixed 
with various emulsion latex polymers to provide a stable mixture of dissimilar emulsions, tt was found that 
micro-emulsions of oligomer in water having an average droplet sire less than about one micron enable the 
oligomer particle to migrate out of the oligomer droplets then through the aqueous phase and into 
25 surrounding latex polymer particles if the oligomer is sufficiently low molecular weight oligomer. The lowest 
nr>olecular weight oligomer particles move faster due to micro small size and have a small but finite 
solubility in water. A medium range molecular weight fraction of the low molecular weight oligomers move 
through the water phase into the latex particles at a slower rate extending over several hours or even a few 
days. The higher molecular weight fraction of the low molecular weight oligomer have essentially zero 
30 solubility in water and invariably remain within the oligomer emulsion droplets until a paint film dries, at 
which time these oligomer particles physically contact the latex particles and eventually migrate into the 
latex polymer particles during drying. 

According to a desirable process of this invention, a compatible organic solution of oligomeric modifier 
in ethylenic monomer can be subjected to high energy shear to prepare a sub-micron size organic phase 
35 dispersed into water. Subsequent polymerization of the micronized monomer droplets produces a softened 
modified latex very different from conventional emulsion or suspension polymerization polymers. The micro 
aqueous suspension polymerization is generally necessary with the oligomeric modifiers to accomplish the 
required sub-micron aqueous emulsification of the monomer containing the dissolved oligomeric modifier, 
since the oligomer will not readily diffuse during polymerization from particle to particle across the aqueous 
40 phase. 

The principal advantage of this invention is the elimination of the odour and VOC associated with 
volatile coalescent solvents which are intentionally volatile and intended to migrate out of the dried paint 
film. An additional advantage pertains to dried paint films exhibiting superior toughness obtained through 
the use of a hard polyvinyl acetate matrix polymer balanced with the oligomeric modifier to accommodate 

45 softening through the external addition of softening modifier while retaining the desired dried film hardness. 
A further advantage pertains to lower net cost for both interior and exterior paints since high cost soft 
monomers can be avoided, volatile coalescing agents can be eliminated and binder volume can be 
increased by using a permanent non-volatile softening oligomer instead of a volatile coalescent The 
resulting dried paint films exhibit a superior balance of hardness and flexibility while maintaining long term 

50 flexibility. These and other advantages of this invention will become more apparent by referring to the 
detailed description and illustrative examples. 

SUMMARY OF THE INVENTION 

55 Briefly, the air-dry emulsion paint of this invention contains an oligomeric modified binder of polymer- 
ized ethylenic monomers to provide an aqueous emulsion addition copolymer binder externally modified 
with a non-reactive, low molecular weight, compatible oligomer selected from a polyester-urethane 
copolymer, a polyether-urethane copolymer, a polyurethane-urea copolymer, a polyesteramide, a polyester, 
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a chlorinated aliphatic hydrocart>on and a chlorinated fatty acid or ester wh«m h«two«n * .o/ ^ 
In accordance with the oreferrpw 

raspersea aqueous emulsion having an average microemulsion droolet size le«!<s thnn ahn.,f 

The resulting oligomerlo preformed mlcroemursion can be blendei wtth TwiirvaH^ 1 n T T. 

acrylic latex polymers to provide a polymeric binder for paint ccSgs ^ ^'^^'^'^ °' 

DETAILED DESCRIPTION OF THE INVENTION 

Surtab e oligomer.c modifiers in accordance with this invention comprise low molecular w«inht 

preierrea cnaractenzatwn of the oligomer modifier is in units of degree of Dolvmerization (Hp iJn:to\\xX- 2 

rate are (ess than -20". preferably less than and most preferably bSo7-Sc T^L 

modifier needed can vary considerably In the final latav TtZ iZl, ^J^. °^ '^'^'^'^^'^ 

softening efficiency of th?oligomer (esSmateS bJ iS ^Sran^L To ciT ma^^^Tf n" T 

Fox equation is useful for estimating the level neJed: ^ P^'y^^*"- 



l^g (mix) = (Wp^„.p) + (W^„.„) 
where 

W w"*^ - 9lass transition temperature of the modified polymer (which is a mixture)- 

" SeSr" °' "^""^ P^'y-"-^ oligomeTmoJmer. 
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of the two components, and compatibility of the two components. The present invention pertains to 
sutTstanfially compatible components. 

In accordance with this invention, low motecular weight polyurethane oligomers such as polyester- 
urelhanes. polyether-urethanes. polyether urethane-urea copolymers, and polyester polymers including 
6 polyester-amide copolymers can be utilized as external softening oligomers in the polyvinyl acetate binder 
matrix polymers. Useful polyurethane copolymers typically contain urethane groups in the polymer back- 
bone and are produced by reacting excess equivalents of diol or polyol with lesser equivalents of di- or 
polyisocyanate. The polyisocyanates can be di- or triisocyanates such as for example 2,4- and 2,6- toluene 
diisocyanate, phenylene diisocyanate; hexamethylene or tetramethylene diisocyanate, 1 ,5-naphthalene 
10 diisocyanate, ethylene or propylene diisocyanate. trimethylene or triphenyl or triphenylsulfone triisocyanate, 
and similar di- or triisocyanates. The polyisocyanate can be generally selected from the group of aliphatic, 
cyclo-aliphatic and aromatic polyisocyanates such as for example hexamethylene 1 .6-diisocyanate. 
isophorone diisocyanate, diisocyanate. 1 .4-dimethyl cyclohexane. diphenylmethane diisocyanate 2,4-toluene 
diisocyanate, 2,6-toluene diisocyanate and mixtures thereof, polymethylene polyphenyl polyisocyanate. 
76 Polyester-urethanes can be produced from diols comprising hydroxyl functional polyester polymer 
prepared by conventional esterification polymerization techniques from the common dicarboxylic acids and 
dihydroxyl functional reactants. Suitable cark^oxylic acids include adipic acid, succinic acid and anhydride, 
azelaic acid, maleic acid and anhydride, and other aliphatic carboxylic acids. Aromatic dicarboxylic acids 
include isophthalic acid, phthalic acid and anhydride, terephthalfc acid, trimelitic anhydride and the like. 
20 Lesser amounts of mono-functional acids can be included, such as benzoic acid. 2-ethylhexanoic acid, if 
desired. Suitable dihydroxy functional materials include ethylene and propylene glycol, dipropylene glycol, 
diethylene glycol, neopentyl glycol, trimethylol propane, and lesser amounts of mor>o-functional alcohols 
such as t^nzyl alcohol and hexanol. If desired. Polyester prepolymers are generally prepared with excess 
hydroxyl functionality at molecular weights ranging from about 1 00 to 1 0.000 preferably about 200 to 2.000. 
25 Polyester prepolymers can be used alone or in combination with polyethers as hydroxyl functional 
prepolymers. Suitable hydroxyl functional polyether prepolymers include polyethylene oxide, polypropylene 
oxide, polybutylene oxide, and tetramethylene oxide where the polyether prepolymers have a molecular 
weight between about 100 and 10.000. Preferred polyethers used in the preferred process have a numl:>er 
average molecular weight between about 300 and 5,000. 
30 The polyesters and/or polyether prepolymers are then reacted with diisocyanate to advance the 
prepolymers to a molecular weight of at>out 200 to 20,000 and preferably between 300 and 10,000. and 
most preferably between 300 and 5,000. to form polyester or polyether urethane oligomers of this invention, 
Oilsocyanates are used preferably at an equivalent rat'o of about 1 isocyanate group to 1.1 to 10 hydroxy/ 
groups. Ratios of about 1.5 to 3 hydroxyl groups per isocyanate group are preferred. Prefenred 
35 diisocyanates Include toluene diisocyanate. Isophorone diisocyanate, 1.&-hexane diisocyanate, diphenyl- 
methane diisocyanate. and the like. Catalysts such as dibutyltindi/aurate, tin oxide and the like can be used 
to increase the isocyanate reaction rate with the hydroxyl polyester or polyether prepolymer at tempera- 
tures of about 30 to 120*'C and preferably at about 70** to 100^C. 

The polyester or polyether urethane copolymers can be further extended with diamine or polyamine, if 
40 desired, to produce polyurethane-urea copolymer useful as a softening oligomer modifier in polyvinyl 
acetate binder matrix polymers in accordance with this invention. In this regard, primary diamine or 
polyamine can be added to an isocyanate terminated polyurethane irrtermediate containing unreacted 
pendant or terminal isocyanate groups obtained by reacting excess equivalents of isocyanate relative to 
hydroxyl equivalents in the polyester or polyether prepolymers. The primary diamines readily react with the 
46 isocyanate functional intermediate to chain extend the polyurethane to a polyurethane-urea of a higher 
molecular weight. Alternatively amine can be prereacted with the diisocyanate prior to reacting with polyol. 
Suitable primary amines for chain extension include hexamethylene diamine. 2-methyl-pentanediamine and 
similar aliphatic diamines. Polyester and polyether urethane copolymers or polyurethanes extended with 
diamine to form polyurethane-ureas exhibit excellent compatibility with vinyl acetate monomers as well as 
60 the resulting polyvinylacetate polymers. Polyurethane intermediate molecular weights before chain exten- 
sion can be between 400 and 10,000 while after chain extension with the diamine the final moleculiar weight 
of the polyurethane-urea can be between about 800 and 20.000. Preferred polyurethanes used in the 
preferred process exhibit intermediate molecular weights before chain extension between 200 and 2.000 
with chain extended molecular weights between 300 and 5.000. 
65 A particulariy preferred non-reactive oligomer useful as a softening oligomer modifier in this invention 
comprises a polyester polymer. In accordance with this invention, a low molecular weight ester or polyester 
can be dissolved in the ethylenicafly unsaturated monomer, suspended in water, and the aqueous 
suspension micronized prior to polymerization of the monomers. Useful polyester oligomers comprise 
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s adioln «niH n ■ .®f ^"^ polyesters formed from saturated dicarboxylfc acids such 

can bo used in carboxyl form anhvdrid/fnl ^, ? ^'^ P«"teerythritol. Acids 

acidsT:S;r,?a%re":,Tro^^^^^^ ^efhT^'^ °^ and 'dia^inesU dicarboxy.ic 

dicarboxvnc aads are ^2^0.?;^,?^ S^dt^LTa'^^^^^^^^^^^ 

dT^Xerdatp;^^^^^^^ 

such as 1.6-hexanedyamina. Shy^^^^^^^^^ diamines, 

aSe-rrsirt-^^^^^^^^ .onL^str 2=^^; re^r^x^r^zs 

inc.udrcSL^.aSX1^^^^^^^^ >n accordance witf, this invention 

chiorinated fatty acid ^^^2 :2^ : 7^^^ tS cSfata'd m'!?' T'"'"'' 
about 5.000. and chlorine contents can range fror^ 5% to 70»?bv weTaht^^^^^^^ L^"" ^""^^ *° 

materials generally are not pure comoounds h^T o/^I ■ '"dustnally produced chlorinated 

substituted at various piwons on tJl oa^fl^^^^ T*^"'^ °' compounds with chlorine atoms 

Chlorinated hydrocarborSVa chLrc"^^^^ r""V" r^^*" 

between 30% and 50% by weight Chlorinated nWf^n! ^ 

including liquid ethylenic mLomers.' bu a e tso.uTt w«^^^ ""'^'"'"^ 
particles ff added to the aqueous phase of a la orin.t!^ .1 ""^rate into polymer 

fatty acid such as lauroleic myristoleic DalmitoS ^f"^ ^'^"^^ '=°'"P"se chlorinated unsaturated 

fatty acid derived from ,ns;ed oHLm olf ^v£«; n. " T'T""' ^'^^^^^^c. liconic. and similar 

Oils. Chlorinated fatty acS Stertlrchlo inaS f^^ ' t '"'^ "'"'^"^^ unsaturated vegetable 

accordance with the pTc^L o7th"s inve trihe 'hl^^^^^^^^^^ ^'l^ ""'^^"'^^ 

monomer whereby a'Ulution of 0.0^^ ZZ,T<^SZ^^^^ T ^^^^'^^^ 

can be suspended in water with the aid of rom^„„ - ^ ! ? ° '^"^ ^^'^ '^"^ ^"'^ esters 
Ultrasound. The chlorinateTmir can be l^nlT high mechanical shear or 

90%. desirably betw^n 3%^? 5ot «nH . " ^^'S^ '^^'e's of 1% to 

modifier based'onTeTodSii^^d^'ontmi^^S:^^ ''^ ^'^^^ ^^^--^^^^ 

oiigo::r:;odrr.:^S3r;s:L^^^^^^^^^^^ 

lOO-C and preferably betweeraSut 450C an^ 6O0? whL r ^ '^""P^'^'^'^^ between about 20''C and 
weight in the resulting emulston fe be^een aSou^ 40r !Z ?no/ k^°^^' "'^'9'' P"''*^^"* ""e*""^^ 
about 55% and 65% by weight oLo^^rlJ hth J? f ^ 1 ^^'^^^ ^"^ """^ preferably between 

these parameters prclces t crS'em^^^^^^^^ ?f ^'"^^ °' ""^^^^ 

0. and t micron. The -Tdrsio^H::;:"^^^^ 
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of diffusion is particularly fast and efficient far preformed emulsions having a particle size preferably 
between 0.1 and 1 micron. It has been found that efficient and complete diffusion of the low molecular 
weight oligomer particles can be achieved with preferred submicron emulsion particles, whereby oligomer 
present sufficiently diffuses into the latex particles to avoid any residual tackiness which may result from 

6 higher molecular weight residues that could not readily diffuse into the latex matrix polymer particles. 
Accordingly, it has been found that oligomer having a more preferred number average molecular weight 
below 1500 and most preferably between 500 and 1000 not only increase the quantity of oligomer diffusion, 
but increases diffusion efficiency into the latex matrix particles and advantageously avoids tacky film 
forming polymer binders. Thus, direct micronized emulsification of the oligomer into water enables the 

70 micronized preemulsion to be easily blended with a wide variety of latex emulsion matrix polymers. The 
resulting diffused oligomer modified latex matrix polymer comprises a plasticized latex emulsion polymer 
containing modifying oligomer but contains no volatile organic matter. Paint films are capable of achieving 
both low temperature film formation below about 10**C and tack free surfaces at ambient room temperature 
air dry conditions. 

75 In accordance with this aspect of the Invention, the three-dimensional solubility parameters of the 
oligomeric modifier must match well with that of the latex polymer in order for plasticization to occur, which 
may descrit>e a boundary for this invention in term of hydrophobicity. For example, a butyl acrylate/styrene 
copolymer latex would require a much more hydrophobic modifier than a vinyl acetate homopolymer. In 
turn, the ability of the oligomeric modifier to diffuse from the microemulsion to the latex polymer should 

20 decline with decreasing hydrophobicity. This could be counteracted to some extent by reducing molecular 
weight although oligomeric molecular weight atxjve about 300 are needed to maintain permanency and zero 
VOC conditions. Preferred oligomers are non-volatile oligomers having a molecular weight between about 
300 and 5.000. Lower molecular weight compounds tend to be volatile and cause excessive plastrcizer 
migration while higher molecular weight polymers lose low temperature film-forming and softening effects. 

26 The oligomer preemulsion can be formed in accordance with the preferred process of the invention by 
formlr^g a normally incompatible mixture of water and oligomer comprising between about 40% and 70% by 
weight oligomer. The oligomer can be suspended in water with mixing to form a coarse suspension using 
the common latex surfactants or stabilizers, such as the sulfosucclnates, the sulfates, various ethoxylated 
phenols, and the like. The coarse suspension is then micronized under very high shear to very fine particle 

30 size emulsion droplets of average size of less than 10 microns, preferably less than 1 micron, and most 
preferably less than 0.7 micron. High mechanical shear and/or ultrasound as well as other high shear 
devices can be used to form the microemulsion. Grinding the oligomeric modifier into an aqueous mixture 
of pigments is a satisfactory method of forming the micro-preemulsion. Suitable surfactants are used at 
about 0.1% to 5% by weight (based on solids) ar>d include the nonionic surfactants such as various 

as ethoxylated phenols, block copolymers of ethylene oxide and propylene oxide, anionic surfactants such as 
sulfosucclnates, sulfates, and sulfonates, and the like (sulfosucclnates such as hexyl, octyl. and hexadecyl 
sulfosuccinate are preferred). Suitable surfactants include the various sulfosucclnates such as hexyl. octyl. 
and hexadecyl sulfosuccinate, the various alkyi and alkyl-aromatic sulfates and sulfonates, as well as the 
various nonionic ethylene oxide surfactants. In accordance with this aspect of the invention, the modifying 

40 oligomers are dispersed Into water and micronized into a microemulsion. whereupon the oligomer micro- 
preemulsion can be mixed with a preformed emulsion latex copolymer of copolymerized ethylenic 
monomers. 

In accordance with another aspect of this invention, the oligomers can be solubilized in ethylenic 
monomer, then dispersed into water and micronized into a microemulsion. The ethylenic monomers are 

45 then polymerized to produce a polymeric binder comprising emulsion polymerized ethylenic monomer. The 
preferred ethylenic monomer is vinyl acetate, although other ethylenic monomers can be copolymerized 
with the vinyl acetate monomer to produce a preferred copolymer containing by weight less than 60% and 
preferably less than 30% and most preferably less than 20% other ethylenic monomer. The oligomers can 
be dissolved in the ethylenically unsaturated monomers to form a fluid organic solution containing above 

50 1% and desirably between about 3% and 50% and preferably between 10% and 25% by weight oligomer 
based on the weight of the organic monomer solution. This organic mixture of oligomer and monomer is 
then suspended in water with high shear mixing to form a coarse suspension using the common latex 
surfactants as stabilizers. Suitable surfactants are used at about 0.1 to 5% by weight (based on solids) and 
include the nonionic surfactants such as various ethoxylated phenols, block copolymers of ethylene oxide 

55 and propylene oxide, anionic surfactants such as sulfosucclnates, sulfates, and sulfonates, and the like 
(sulfosucclnates such as hexyl, octyl, and hexadecyl sulfosuccinate are preferred). The coarse suspension 
is then micronized to very fine particle size emulsion droplets of average size of less than 5 microns, 
preferably less than 1 micron, and most preferably less than 0,7 micron. High mechanical shear and/or 
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or after susperision of the organic mixture in wate^ rZ^"' .'^T:^:'J^it'?J"'^'°'' '''J^^ ^^^^^ 
s can be accomplished by simply raising ff,e suspension tem^T^.LTeTo'a^uf^Soc'to M'C us^ 
initiators. Initial reflux of vinyl acetate will be at e7°C ^ J":^ '° ^ 

polymerisation conversion. Additional ethylLic mLLr' cSn te^SfLtf^raS T T "T"" 
suspended addition copolymer emulsior, and other monomer^avrpoCerizer^^^ 
'0 ProdLTr^lrpCe^tfXm^^^^ emulsion polymerized ethylenic monomers 

Wrr^ ^^^^^^^ 

exterior paints although a^ylic copXmJrTe preferXi ' ^^'^'"^'^ ^« 

ethyLSly^SurlTZrer^^^^^^^ ^'"^-^^ — - comprise 

> and mono- and dicarboxJir^se^raJeTS^n '.^^^'''^ nnonomers. acorlamide monomers, 

decanoate. vinyl Sr^es Sny^bTnSL ± P^-^P'o^^^^. vi"yl laurate. vinyl 

hydrocarbon m'onomers .n'rde ^nyl'Soride Id^^^^^ T ^"^"^/'"y' -nyl aliphatTc 

ethylene, propylene, isobutylene ^ well ^ c^nt?n„r^ u ^ ^ ^^^^^ 'uch as 

1>Pipery.ene%.3-ciimethX,:dirne^^ o^^^^^^ 

vinyl alkyi ethers include methyl vinyl ether 1500^^1 ^^.TfT '^^ ?"^' ^ d'cyclopentadiene; and 
ether. Acrylic monomers include ZZr Ty' Sic or methS' v"'' TV' '"""^ ^'"y' 

portion containing between 1 to 12 carbon ato,^« wL « or methacryl.c acid having an alkyf ester 
acid. Useful acrylic monomers nclXfof eT^ple '^^^^^^^^ 

methacrylate. ethyl acrylate and met,;acry,S btt^l acry^r anTSl^^^ '^'^ 
methacrylate. 2-ethyl hexyl acrylate and metfiacr^lata Lo?«hL . ■ P^^PV acrylate and 

and methacrylate. Ldecyl a?i and me2^^^^^^ ^'"^.^'^ ^"'^ methacrylate. decyl acrylate 

reaction products such as bu^l phenvTa^d S T" methacrylate. and various 

acids, hydroxy, alKylt^ates^^^rSac'^Sarr^^^^^^^^ ^^^"^ -'^-^W.-o 

methacrylates, amino acrylates. methacrylates as wI^aL acr^Jc S i^nh ^^^^^^P^^Py' ^^rvlates and 
ethacrylic acid, alpha-chloroacrylic acid' alpha cyTaL^^.K'aclS eS^^ 

acid, and beta-styri acrylic acid ParticuUriu n«farr^ acia, crotonic acid, beta-acryloxy propionic 

propyl, butyl (linL ^^Z^Si^fV^S Z^^^^^ k""^^ ""^'"'"^ ^"^^ ^''Vl. 

and branched), 2-ethyI U^y\ 7L\^£s ^^^^ ^^^l' P^P^'- butyl (linear 

nonanoafe(neo9).2jthyl hexanoate dlS^oJte 1 m I h P^P"""^^- ""tyrate. pentanoate (neo 5). 
Vinyl Chloride, vinylidene chloride and btS^e W 2' '^«>"°'"ers such as ethylene, 

benzene can be copolymerized T desired For el^^^ T"""^ """^"^ «^ '''^'"V 

comprises copolymer^ ac^Hc ~r^ whLTe ^^r^^^^^^^ "^'"""^ 
40% and 100% by weight of the copolymer copolymer content can be between about 

ma^JXirbLTorpCm";^^^^^^^^ r r --mer to produce a 

homopolymers of vinyl acetate On a weS^ tS L^rlLrt r!,f -^'^ "'"^^^^ 
and 100% polymerized vinyl acetate Jtt. thl^iLn.^l'^ ,! polymenc binders comprise between 40% 
binders contain at teSToi by wioh^^^^^^ monomers. Prefen-ed polymeric 

acetate. The number average morecuter S^L^^^^^ ace ate and most preferred 80% to 100-/, vinyl 

about 30.000 and 10.000.oS TnTprl^y JtLee„^^^^^^^^^ 

permeation chromatography) according to ASTM STJa D3536-76 ^ ^''^ <sel 

point of the modified polymeric binder particles should b« iptrl!' °'' ^ofe^'na 

scanning calorimetry. preferably less than^°? most pfeferaS^^^^ Z^^T"""'^ 
temperature) is an alternative measure of (^vmlr mT/^lr^^^^ 

temperature gradient temperature bar and sS v a few TTT °" '"^ °" « 
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oligomer needed to achieve 40**F failure-free coatings. LTFF should be less than 50°F (10*'C), preferably 
less than 40°F (5**C). The distinction with LTFF is that other paint ingredients may have either an elevating 
influence (fillers, pigments) or depressing (surfactantSp incidental solvents in additives) effect on LTFF 
relative to the MFT, which is measured on the latex alone. In turn, the MFT is measured from the wet state. 

5 and therefore includes the plasticiring effect of water, while the Tg is measured on an anhydrous sample of 
latex film, which does not include the water plasticizing effect. Latex paints are formulated to achieve LTFF 
of less than 50°F (10°C), preferably less than 40*^0 (5°C). It is also necessary for the final dried films to not 
t>e tacky at normal use temperatures (60-1 10 •F). The polymeric binder contains between about 5% and 
45% by weight softening oligomer with the balance being copolymer matrix polymer. * 

10 The ethylenic monomers can be polymerized in an aqueous polymerization medium by adding other 
ennulsion polymerization ingredients. Initiators can include for example, typical free radical and redox types 
such as hydrogen peroxide, t-butyl hydroperoxide, di-t-butyl peroxide, benzoyl peroxide, benzoyl 
hydroperoxide, 2,4-dichlorobenzoyl peroxide, t-butyl peracetate, azobisisobutyronitrile, ammonium persul- 
fate. sodium persulfate, potassium persulfate, sodium perphosphate, potassium perphosphate, isopropyf 
75 peroxy carbonate, and redox initiators such as sodium persulfate-sodium formaldehyde sulfoxylate. cumene 
hydroperoxide-sodium metabisulfite, potassium persulfate-sodium bisulfite, cumene hydroperoxide-iron (II) 
sulfate. Hedox systems consist of oxidants and reductants, which can t>e mixed in any pair. Transition 
metals such as iron can be used as accelerators for initiators for redox couples. The polymerization 
initiators are usually added in amounts t>6tween about 0.1 to 2 weight percent based on the monomer 
20 additions. 

Suitable anionic surfactants include for example, salts of fatty acids such as sodium and potassium 
salts of stearic, palmetic. oleic, lauric, and tall oil acids, salts of sulfated fatty alcohols, salts of phosphoric 
acid esters of polyethylated long chain alcohols and phenols. Preferred anionic surfactants include for 
example, alkylbenzene sulfonate salts such as sodium dodecylk)enzene sulfonate and salts of hexyl. octyl, 
25 and higher alkyl diesters of 2-sulfosucclnic acid. Suitable non-ionic surfactants include polyoxyethylene 
glycols reacted with a lyophilic compound, ethylene oxide condensation products reacted with t-octylphenol 
or nonylphenol and known as "Triton" surfactants, polymerized oxyethylene (IgepaICA), ethylene oxide 
reacted with organic acids (Emulfor), or organic acid reacted with polyoxyamylene ether of stearic or oleic 
acid esters (Tweens). 

30 A paint coating composition can be produced by combining the externally modified emulsion polymer 
of this invention with pigments and other paint additives in a dispersing mill such as a Cowles disperser. A 
pigment dispersion can be preformed consisting of a disporsant and pigments on a disperser mill, a sand 
mill, a pebble mill, a roller mill, a ball mill or similar conventional grfrKling mill for milling the mineral 
pigments into the dispersion medium. The premix can then be combined under low shear with the 

J5 polymeric binder of this invention and other paint additives as desired. Useful mineral pigments ordinarily 
include opacifying pigments such as titanium dioxide, zinc oxide, titanium calcium, as well as tinting 
pigments such as carbon black, yellow oxides, brown oxides, tan oxides, raw and burnt sienna or umber, 
chromium oxide green, phthalocyanine green, phthalonitriie blue, ultramarine blue, cadmium pigments, 
chromium pigments, and the like. Filler pigments such as clay, silica, talc, mica, wollastonite, wood flower. 

40 barium sulfate, calcium carbonate and the like can be added. 

Historically, prior art paints achieved a balance of properties by making the latex slightly too hard for 
LTFF to achieve the tack-free character, and then temporarily softening the binder polymer with a 
coalescing solvent to achieve the desired LTFF. However, by using non-volatile, external softening 
oligomers in accordance with this invention, the historical relatior^hip between Tg (or MFT) and LTFF in the 

45 final paint can be changed such that both film formation and tack free character are simultaneously obtained 
witiiout the need for a volatile coalescing solvent. The softening oligomer is permanent by design and will 
not volatilize out of the paint film. 

The merits of this invention are further supported by the following illustrative examples. 

so Comparative Examples A and B 

A vinyl acetate and butyl acrylate 80/20 copolymer (Ex. A) and a vinyl acetate/butyl acrylate 60/40 
copolymer (Ex. B) were produced from the following ingredients, 

55 
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IS 





Ex. A 


Ex. B 




a) 


2022 g 
7.2 g 

'•^ » 

5.4 g 


2022 g 
7.2 g 

A <i ^ 

5.4 g 


deionized water 
MM-80 

ammonium acerate 
A246L 


b) 


28 g 
7.0 g 
0-7 g 


28 g 
7.0 g 
0.7 g 


vinyl acetate 
butyl acrylate 
ammonium persulfate 


c) 


1360 g 
340 g 
2.4 g 


1034g 
677 g 
2.4 g 


vinyl acetate 
butyl acrylate 
acrylic acid 


d) 


5.4 g 
21 g 

135 g 
15 g 


5.4 g 
21 g 
135 g 
15 g 


ammonium persulfate 
A246L 

deionized water 
NaAMPS 



20 



25 



30 



35 



40 



45 



50 
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Comparative Example 

as fo^o^s^'^"' "^"^ ^'"'""^ '^■''^ ^"""'^'"^^ -"^ current invention are 

fnoi^art Conventionally, the balance of low temperature film formation and absence of tack at «mhi.n, 
temperature Is achieved by utilizing a latex composition with an elevated Tg S achiLe abSnS o7S 

contained coalescing solvent at the levefof 6% to aSifve^ km^T of IQOC aL^^^ *? '^'^^ 

latex was non-tacky at room temperature, but emitted volatile so7v7nt°o the atmZeS '^^'^''^ 

Lmp^rT^irUr tSTTo^ld to :eto'voreSonV'to Tha'^';' '"^r^'^^'^ "^'''^"^ 

s^=Er~F— ^^^^^^^ 

Example 1 

1 629.9 grams adipic acid 
1870.1 grams dipropylene glycol 
1.1 grams butyl stannoic acid 
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premix above 45°C to about 60**C, and then passing the heated premix through a Sonic Triplex Model T02- 
2A-HP ultrasonic emulsifier equipped with a 0.001 square inch orifice at 1000 psi. The resulting mixture was 
a stable, water dispersed, pre-emulsion of polyester oligomer having an emulsion particle size less than 0.7 
microns. The oligomer pre-emulsion was then blended with 80/20 by weight vinyl acetate butyi acrylate 
copolymer (Example A above) having a Tg = 1 0°C at the level of 1 0% polyester based on the weight of 
oligomer and latex polymer solids or 800 grams latex 56.5% NV was mixed with 77.3 grams of polyester 
pre-emulsion. Blending of the oligomer pre-emulsion and latex was at room temperature, mixed thoroughly 
for about one hour, and then was allowed to set at room temperature for about 24 hours without further 
mixing. The oligomer modified latex provided an excellent semi-gloss latex paint. 

Example 2 

In a manner similar to Example 1 , a low molecular weight polyester prepolymer was prepared at a -OH/- 
COOH equivalent ratio of 1.186 as follows: 

1675,1 grams adipic acid 

1823.4 grams dipropylene glycol 

0.5 grams triphenyl phosphine 

1.1 grams butyl stannoic acid 
The polyester was synthesized at less than 240°C to obtain a 4-8 Acid No. along with a 32-38 poise 
viscosity at 30**C. a number average molecular weight of 970, and a Tg of - 50**C. The oligomer pre-mix 
was mfcronlzed through a Sonolator to an emulsion particle size less than 0.7 microns. The oligomer pre- 
emuision was mixed with the 80/20 vinyl acetate butyl acrylate copolymer latex in the manner of Example 1 . 

Example 3 

White semi-gloss latex paints were prepared from any one of the foregoing emulsion polymers 
described in Examples 1 or 2 from the following ingredients: 

PIGMENT GRIND: 



Group 


Ingredient 


Grams 


A 


Water 


151.68 


A 


Thickener 


.50 


A 


Ammonia (28%) 


.01 


B 


Surfactant 


5.00 


C 


Defoamer 


2.00 


C 


Surfactant 


2.00 


D 


TiOa pigment 


145.00 


D 


Clay extender pigment 


50.00 



Group A ingredients were added to Cowles dispersing equipment and mixed for 5 minutes. Group B and 
then C ingredients were added with continued mixing under slow agitation. Group D ingredients were added 
under high speed agitation and grind for 15 minutes or until a Hegman 5.5 was attained. The foregoing is 
the grind portion of the paint. 
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LETDOWN 



10 



Group 


Ingredient 


Grams 


E 


Water 


33.00 


F 


Water 


33.00 


F 


Thickener 


3.50 


F 


Amnnonia Hydroxide 


.01 


G 


Preservative 


1.00 


H 


Defoamer 


5.00 


H 


Propylene glycol 


40.00 


H 


Surfactant 


4.50 


H 


RJieology Modifier (Ex. 1 or 2) 


9-00 


H 


Surfactant 


3.00 


/ 


Latex (Ex. 1 or 2) 


393.00 


1 


Opacifier latex 


105.00 



20 



Group E ingredients were added in separate vessel, followed by Premix F added fo f innr^H-.^^,^ ■ 
speed agitation. Group G ingredients were added at slow speed Prn^x H fng^c^rems we^^^^^^^^^^ ^127 
vessel. Premix 1 ingredients were mixed for 30 minutes and then a6^"to v^Tne^u^^^^^^ 
was mixed for 1 hour. The foregoing is the letdown portion of the paint composifon 

LATEX PAINT 

mix ^^^T°''"^J^7f-, ""^'f ^ P'S"'^"' 9''"'^ ^'ow speed agitation and allowed to 



50 



36 



LTFF 


Paint Ex. 1 


Paint Ex. 2 


70*»F 


pass 


pass 


50T 


pass 


pass 


40'»F 


pass 


pass 



Dried paint films are considered to pass low temperature film formation (LTFF) rf the dried coatina has no 
tackrng and is visible under ten-times magnification. coating has no 

40 Example 4 

The following data was generated by blending an emulsion of an MPD/ADA modifier (methvl omn^n^ 

oligomer modifier was prepared as in Example 1 by reacting: ^vl^'u//\UA 
877 gms of adipic acid 
630.7 gms of 2-methyl-l.3-propane did 
0.2 gms of butylstanoic acid 

.j;:rrrp;r;mS^^^^^ "^^"^"^ ' ^^"^ ^ ^^-^"^'^ ^.h-ch produced a 

50 
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TABLE 1 



Effect of Blended Modified on MFT 


PCT Modifier (Ex. 4) 


Initial (Ca. 30°C) 


After 24 Hours 


After 5 Days 


20 


20 


13 


18 


30 


13 


9 


14 


40 


10 


7 


10 


0 


35 







As can be seen, oligonneric modifier appears to diffuse into the latex, lowering its MFT. The Fox 
Equation relationship appears to hold quite well for blends of compatible oligomers with latex, and the 
estimated fraction of the oligomeric modifier which diffused into the latex. Table 2 summarizes these 
calculations: 

TABLE 2 



Estimated Extent of Diffusion 


PCT Modifier 


Pet Diffused 


20 


65 


30 


56 


40 


50 



It was found that the foregoing MPD/ADA oligomeric modifier is effective as a film-forming modifier in 
accordance with this invention but is not as effective as the adipic acid dipropylene glycol polyester of 
Examples 1 and 2. 

Examples 5-8 

A series of polyester modifiers were prepared as follows: 

TABLE 3 

gx. 5 Ex. 6 Ex, 7 Ex. 

8 

Neopentyl glycol 416,8 312.6 

Azelaic acid 564.6 376.4 
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Adipic acid 

146.2 

584 . 8 

Dipropylene glycol 

268.4 

Benzoic acid 

183.2 

2 -methyl -1,3- 

propane diol 
180,2 

2 - ethyl hexanol 

520.8 

Butyl stanoic acid 0.2 no 

^ 0.2 

0,4 



25 



The polyester oligomers were synthesized as in Example 1. 
Example 9 

A polyester amide was prepared as follows: 
13.4 Q 2-methyl-1,5-pentane diamine 
30 100.3 g DBE-3 (DuPont. dimethyl adipate) 
77.4 g dipropylene glycol 
0.1 g butyl stanoic acid 



35 



40 PAINT FORMULA 



A) Premix the following components: 





Grams 


water 


200 


cellulosic thickener 


1.0 


preservative 


2.0 


defoamer 


1.0 


polymeric dispersant 


6.0 


surfactant 


4.0 



B) Add the following to (A) and disperse 5 minutes at moderate speed: 
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Grams 


titanium dioxide 
extender pigment 
crystalline silica 
colloidal silicate 


162.7 
132.65 
85.65 
2.00 



C) Add the following to (A) and (B) mixture and mix 15 minutes at high speed: 





Grams 


water 
defoamer 


100 

2.0 



D) Premix the following and then add to the above and mix 15 minutes at low speed: 





Grams 


water 

celtulosic thickener 


60.0 
4.5 



E) Add the following and mix 15 minutes moderate speed: 





Grams 


modified latex 


264 



F) Add the following components to the above mixture: 





Grams 


Water 
defoamer 

polyurethane associative thickener 


70 
3.0 
10.0 



TABLE 4 



Acrylic Latex: 


Example 


Modifier 


40'*F LTFF 


10 


5% Example 5 


pass 


11 


5% Example 6 


pass 


12 


5% Example 7 


pass 


13 


5% Example 8 


pass 


14 


5% Example 9 


pass 


15 


None 


fail 


Styrene Latex: 


Example 


Modifier 


70°F LTFF 


16 


Example 7 


pass 


17 


None 


fail 
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The following examples illustrate the process of this invention where the oligomer is mixed with 
ethylenic monomer prior to emulsion polymerization Polyesters with a ranna «f ^T^iT . ! 

and/or ultrasound pnor to polymerization of the polyvinyl acetate as illustrated in the folloX e^ptes 

monl^ J J nt^ ^''^'""'^^ "'^ °' '"^^"«°'' ^f'^^'" oligomer is d^STrS into 

monomer and then m.cron.zed into water followed by copolymerizafion of the monomer ^'^P^^'^** 

Example 10 



An adipate polyester oligomer was prepared as follows: 



76 



20 



25 





Grams 


Adipic acid 
Diethylene glycol 
Butylstanoic acid 


438.6 

382 

0.5 



.he °' *" •« P»ly~«' prepared ^ 





Grams 


a) 


deionized water 


2000 




MM-80, Mona ChemicaP 


11.2 




(NH4) HCO3 


2.5 




NaAMPS, Lubrizol Corp. 


2.5 




vinyl acetate monomer 


625 


b) 


polyester from above 


312 




MT-70, Mona Chem/caP 


5.6 


c) 


(NH4)2 S2O8 


5,0 


d) 


vinyl acetate monomer 


625 




MT-703 


5.6 



^ MM-80 = sodium dihexyl sulfosuccinate 
^NaAMPS sodium acryiamide methyl propane sulfonate 
45 MT-70 sodium ditridecyl sulfosuccinate 



50 



854 pow» The ,ea,l»9 aqueous emolslon we. ho.ted alrrtne under . nHrooon S^i » Sv? 



Example 1 1 



55 
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Grams 


phthalic anhydride 
diethylene glycol 
butyl cellosolve 


593 

318-3 

236-4 



The raw r^aterials were heated under nitrogen to 200°C, then slowly raised to 220**C over 2 hours while 
keeping the head temperature of the packed distillation colunrtn at 98**C. Total distillate was 73 g. A 
suspension of the above phthalate polyester was prepared as follows: 





Grams 


a) 


deionized water 


800 




MM-80 


3.0 




NaHCOa 


2.0 


b) 


vinyl acetate monomer 


250 




polyester (Ex. 1 1 above) 


80 


c) 


K2S208 


2.0 


d) 


vinyl acetate monomer 


250 




MT-70 


3.0 



The procedure for polymerizing the ethylenic monomers was the same as described in Example 10. 
Example 12 

In a manner similar to Example 11, a polymer was prepared except that the amount of phthalate 
polyester was increased from 80 grams to 150 grams. 

Example 13 

In a manner similar to Example 11, a polymer was prepared using the following components using a 
commercial polyester believed to be a polyether-phthalate-polyester capped with benzoic acid (Hercoflex 
900, Hercules Corp.). 





Grams 


a) 


deionized water 


2000 




MM-80 


15 




NaHCOa 


2.5 




NaHC03 


7.5 




NaAMPS 


2.5 


b) 


vinyl acetate monomer 


625 




Hercoflex 900. (Hercules Corp.) 


250 


c) 


K2S2 Os 


5.0 


d) 


vinyl acetate monomer 


625 




MT-70 


7.5 



The procedure from Example 10 was used to copolymerize the monomers and produce a latex polymer. 



56 
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Example 14 

in a manner similar to Example 10. a polyester triester was prepared from the following reactants: 



10 



16 



Ektasoive DB, Eastman Chem. (diethylene glycol butyl ether) 
trimelitic anhydride 
butylstanoic acid 



Grams 



365 
145 
0.1 



The water of reaction distilled off was 29 grams. 

A polymer was prepared according to the polymerization 
following components: 



process described in Example 12 but from the 



20 







Grams 


a) 


deionized water 


800 




MM-80 


3.0 




NaHCOa 


2.0 


b) 


vinyl acetate monomer 


250 




triester from above 


50 




m-ro 


1.0 


c) 


K2S208 


2.0 




vinyl acetate monomer 


250 




MT-JO 


3.0 



30 Example 15 



•35 



40 



SO 



Suspension Tack 


Min. Film Temp. 
Crack Point 


Min. Film Temp. 
Knife Point 


Ex. 10 


<3 


<3 


None 




Ex. 11 


12 


24 


None 




Ex. 12 


3 


Q 


None 






Ex, 13 


<3 


6 


None 




Ex. 14 


4 


15 


None 






Control * 


10 


12 


None 







«. u.nnuuiiioQ commercial latex typically used in c( 
air-dry paints and comprising 80/20 weight ratio of vinyl acetate 
polymerized with butyl acrylate. 



55 
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Example 16 

White semi-gloss latex paints were prepared from any one of the foregoing emulsion polymers 
described In Examples 10-14 from the following ingredients: Pigment Grind: 

5 



Group 


Ingredient 


Grams 


A 


Water 


151.68 


A 


Thickener 


-50 


A 


Ammonia (28%) 


.01 


B 


Surfactant 


5.00 


C 


Defoamer 


2.00 


C 


Surfactant 


2.00 


D 


TiOs pigment 


145.00 


D 


Clay extender pigment 


50.00 



Group A ingredients were added to Cowles dispersing equipment and mixed for 5 minutes. Group B and 
then C ingredients were added with continued mixing under slow agitation. Group D ingredients were added 
under high speed agitation and grind for 15 minutes or until a Hegman 5.5 was attained. The foregoing is 
the grind portion of the paint. 



35 



Letdown 


Ingredient 


Grams 


E 


Water 


33.00 


F 


Water 


33.00 


F 


Thickener 


3.50 


F 


Ammonia Hydroxide 


,01 


G 


Preservative 


1.00 


H 


Defoamer 


5.00 


H 


Propylene glycol 


40.00 


H 


Surfactant 


4.50 


H 


Rheology Modifier 


9.00 


H 


Surfactant 


3.00 


1 


Latex 


393.00 


1 


Opacifier latex 


105.00 



Group E ingredients were added in separate vessel, followed by Premix F added to E ingredients with slow 
speed agitation. Group G ingredients were added at slow speed. Premix H ingredients were then added to 
40 vessel. Premix I ingredients were mixed for 30 minutes and then added to vessel. The final composition 
was mixed for 1 hour. The foregoing is the letdown portion of the paint. 



Latex Paint 

43 The letdown above was added to the pigment grind above under slow speed agitation and allowed to mix 
for 2 hours. 



50 



55 
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Exampfe 17 

Benzoic acid capped polyester oligomer modifier. 



10 



15 



20 



25 



30 



Ingredient 


Grams 


adipic acid 


731 


diethylene glycol 


637 


butylstanoic acid 


0.5 


benzoic acid 


244 



2,ni « ""^ ^""^ "'^ «"°"9h additional xylene to give a lonZnt reflux 

Allow xylene reflux to azeotrophe water out of the batch, and reduce acid number to ^bout ?! mo koh^' 
resin. Remove xylene under a vacuum (25 Inches Hg). Cool. ^ 

Example 18 

Benzoic acid capped polyester urethane oligomer modifier 

As in Example 17. but use only 122 g benzoic acid, then cool batch to eCC at the end of »h« • 

Example 19 



Polyester urethane oiigomeric external modifier 



OS 



45 



Ingredient 


Grams 


adipic acid 
diethylene glycol 
butylstanoic acid 


731 
636 
0.5 



Synthesize a polyester from the above ingredients in the same manner as in Example 17 and then add 111 
g isophorone d.isocyanate to form a polyester urethane as in Example 18, 

Example 20 

Polyester urethane external modifier 



so 



55 



Ingredient 


Grams 


adipic acid 
dipropylene glycol 
butylstanoic acid 


366 
403 

0-2 
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Example 21 

Polyester urethane urea oligomeric external modifier 



Ingredient 


Grams 


adipic acid 
dipropylene glycol 
butylstanoic acid 


731 
805 
0.5 



Synthesize a polyester from the above as in Example 1 7. and place 300 g of the product in a separate flask 
at 20**C. Add 29 g isophorone diisocyanate and 30 g Jeffamine ED-2001 polyethylene oxide diamine, 2000 
mol. wt. no. ave. - Texaco. The Jeffamine Is predissolved In 30 g vinyl acetate to enhance miscibility. 
Slowly warm to 40**C to allow amine reaction with isocyanate, hold 1 hour, and then heat to 90**C. Hold 2 
hours, and then cool. 

Example 22 

Polyester amide external oligomer modifier 



Ingredient 


Grams 


DBE-5 (dimethyl ester of glutaric acid. DuPont) 


481 


dipropylene glycol 


268 


Dytek A (2-methylpentane diamine) 


58 


butylstanoic acid 


0.2 



30 

Warm with good agitation under nitrogen to about IQO^'C and distill off methanol with a good packed 
column. Keep column head temperature at 64*'C. and gradually warm batch to 210*^0. Cool after 160 g of 
methanol is removed. 

35 Example 23 

Polyester amide extemal oligomer modifier 



40 


Ingredient 


Grams 




DBE-5 


481 




dipropylene glycol 


268 




Jeffamine D-230 (polypropylene oxide diamine) 


115 


45 


butylstanoic acid 


0.5 



Synthesized by same procedure as in Example 22. 
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Example 24 

Polyester external oligomer modifier 



10 



Ingredient 


Grams 


dipropylene glycol 
adipic acid 
triphenyl phosphine 
butylstanoic acid 


4717 
4283 
1.2 
3.0 



75 



20 



25 



30 



35 



n!.^^ T ^^^^'^P'^ ^se xylene. When column head temperature drops to 80-0 acid 

number .s about 20 mg KOH/g resin. Pull a vacuum of about 10 inches of Hg, and then gradually increase 
vacuum to pull off remaining water. Rnal acid number is 3 mg KOH/g resin, Qraouaiiy increase 

Example 25 

Utexes were prepared with the following generalized formula and synthesized as described below. 



a) 


2122 g 
8.5 g 
5.4 g 
8.1 g 

10.5 g 


deionized water 

MA-80 (dihexyl sulfosuccinate. Mona Chem.) 
ammonium acetate 
Na AMPS. 48% (Lubrizol Chemical) 
A246L (Na olefin sulfonate, Rhone Poulenc) 


b) 


7.4 g 
10 ml 


Na formaldehyde sulfoxylate 
FeS04 aqueous solution, 10O0 ppm 


c) 


869 g 
370 g 
3.1 g 


vinyl acetate 

modifier as above from Examples 8 to 16 
acrylic acid 




6.3 g 
14 g 
159 g 


ammonium persulfate 
A246L 

deionized water 


e) 


874 g 
3.1 g 


vinyl acetate 
acrylic acid 


f) 


2.0 g 
27 g 


ammonium persulfate 
deionized water 



^rttrl y.9~"Ps (a) and (c). Combine groups (a) and (c). stir with a spatula to disperse 

and then emulsify for 5 m.nutes at tO.OOO rpm In a Ross ME 100L emulsifier. Add (b) ingredente to?he 

TdTnTp fh ^ ^ ""^'^ *° ^''^ 9°°^ ""'l^^ nitrogen Pump n 40 m c3 

H I l^fT' ^"^"^'"9 ''"'"P'"^ '^^^ *° 9'^^ ^ temperature of about 55-0 Pump inihe re^ o 

. (d) and all of (e) over 3 hours. Pump in (f) over 1 hour. Cool. 



so 



55 
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Examples 26-33 Latexes approximately equivalent were prepared as in Example 25 and mixed with 
modifiers identified in the following Table. 



TABLE 



Ex. Tack 


Modifier 


DSC Tg 


Knife Point MFFT 


Dry Film 


26 


Ex. 17 


0 


8^ 


None 


27 


Ex. 18 


11 


8.8 


None 


28 


Ex. 19 


11 


12.5 


None 


29 


Ex. 20 


10 


13.7 


None 


30 


Ex. 21 


13 


19.5 


None 


31 


Ex. 22 


6 


7.6 


None 


32 


Ex. 23 


-5 


10.0 


Tacky 


33 


Ex. 24 




16.5 


None 



•DSC Tg's in degrees C (single, distinct transitions are noted). MFFT = 
minimum film formation temperature in degree C (knife point). Tack and MFFT 
were measured for dry latex films (only DSC Tg was measured for modifiers). 



The film from Example 32 is tacky at room temperature, while the other latexes form good, tack free 
films. Generally, Tg's In the 5-10**C range are preferred. MFFT's of 20^C or less are preferred, indicating 
that good ambient and low temperature film formation will occur. Example 32 was marginally tacky due to 
low Tg of the film. 

Examples 34-38 

Polymeric binders containing chlorinated aliphatic modifier were prepared as follows:- 
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10 



16 



25 



30 



35 



40 



Ex.34 






Ex.3 7 




^800 


800 


800 


800 


2000 


6.0 


6.0 


6.0 


6,0 


15 


1.0 


1-0 


1.0 


1.0 


2.5 


1.0 


1.0 


1.0 


1.0 


2,5 


250 


250 


250 


250 


625 




100 






250 



r-"'l-30, Mona Chem' 
NaHC03 

NaAMPS Lubrizol^ 
b) Vinyl acetate 

monomer 
DA- 8527, Dovez^ 
DA- 8506, Dover* loo 
Paroil 10 Dover^ - _ 

Paroil 170 -LV Dover* - . . 

MT-70, Mona Chem.' 3.0 3.0 3.0 

^S,0. 2.0 2.0 2.0 2.0 

d) vinyl acetate 

monomer 250 250 



100 

3.0 7.5 
5.0 



250 250 625 



"^■^^ 3.0 3.0 3.0 3.0 7.5 

•mm-80 is sodium dihexyl sulf osuccinate. 
^NaAMPS is sodium acrylamide methyl propane sulfonate. 
^A-8527 is a Chlorinated fatty acid with 29% chlorine. 

^A-8506 is a Chlorinated fatty acid ester, with 35% 

Chlorine. 

45 

^Paroil 10 is a chlorinated parafin with 41% chlorine. 
Woil 170-LV is a Chlorinated parafin with 67% chlorine. 
60 'Mr-70 is sodium tridecyl sulf osuccinate 

Solution (b) was prepared and dispersed into solution (a) at 5.000 rpm with a lab 1.5 inch prop stirrer The 

Sf hea ed to 6?'c and t^T^ "'^'"'^ '""''^ "^^^'^'^ water. ComponamV) 

^nH fhSr . ^ (d) were fed in over three hours at 72- C. held 1 

hour, and then the reation mixture was cooled to room temperature. 
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Clear films were air dried at room temperature for 24 hours. Dried film properties were as set forth in 
following Table 1: 

Table 1 



Example 


MFT Crack 


MFT Knife 


Water Rubs 


Water Whitening 


Tack 


1 


9C 


18C 


200 + 


Moderate 


None 


2 


<2C 


IOC 


200 + 


Moderate 


v,sl. 


3 


<3C 


ec 


200 + 


Moderate 


None 


4 


12C 


26C 


200 + 


Moderate 


None 


5 


3C 


14C 


200 + 


Mild 


None 



Claims 

1. An aqueous air-dry coating composition including an emulsion polymerised polymeric binder having a 
Tg below 20 'C which binder contains an addition copolymer of aqueous polymerised ethylenic 
monomers wherein the binder also contains 3 to 70% of an oligomer modifier selected from a 
polyurethane. a polyester, a chlorinated hydrocarbon and/or a chlorinated fatty acid or fatty acid ester, 
the oligomer modifier having a molecular weight between 200 and 20,000 and a Tg below -20 • C and 
wherein the oligomer modifier is present in the aqueous composition as a micro-emulsion of droplets 
having a droplet size of less than 1 0 microns. 

2. An aqueous air-dry coating composition as claimed In Claim 1 containing an emulsion polymerized 
polymeric binder free of organic coalescing solvent, the polymeric binder comprising: 

an addition copolymer of aqueous polymerized ethylenic monomers containing an oligomer 
modifier having a molecular weight between about 200 and 20,000 and a Tg below about -20**C, the 
oligomer selected from a polyurethane. a polyester, a chlorinated hydrocarbon and/or a chlorinated fatty 
acid or fatty acid ester, where the oligomer is dispersed into water by high shear mixing to provide a 
micro-emulsion having a droplet size less than 10 microns, where the polymeric binder comprises by 
weight between 3% and 70% of said oligomer with the balance being said addition copolymer, where 
the Tg of the polymeric binder is less than 20 • C. 

3. A coating composition as claimed in Claim 1 or Claim 2 containing the low molecular weight oligomeric 
modifier in an aqueous micro-emulsion having an organic phase emulsion droplet size less than 10 
microns and produced by high shear mixing at temperatures between 20*'Cand 100°C of an aqueous 
mixture of the oligomer and water where the mixture contains between 40% and 70% oligomer, and the 
oligomer has a number average molecular weight between about 300 and 5.000 and a Tg less than 
-20<'C- 

4. A coating composition as claimed in any one of the preceding Claims containing between 3% and 50% 
by weight of the oligomer modifier, where said polymeric binder is produced by mixing the oligomer in 
the ethylenic monomer to provide an organic solution of oligomer and ethylenic monomer, where said 
organic solution is dispersed into and polymerized in water to produce an oligomer modified addition 
copolymer emulsion polymer where the oligomer is soluble in the polymerized monomer. 

5. A coating composition as claimed in Claim 3 where the oligomeric modifier has a molecular weight 
between 500 and 2.000. 

6. A coating composition as claimed in Claim 3 or Claim 4 where the oligomeric modifier has a molecular 
weight between 500 and 1 ,000. 

7. A coating composition as claimed in any one of Claims 3 to 6 where the aqueous mixture comprises by 
weight between alx>ut 55% and 65% oligomer modifier forming the micro-emulsion. 

8. A coating composition as claimed in any one of the preceding Claims where the micro-emulsion was 
produced by high shear mixing of the aqueous mixture of oligomer at temperatures between 45**C and 
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30 



60^C. 

9. A coating composition as claimed in any one of Ciafms 1 to 8 wherein the micro-emulsion droplet size 
IS on average between 0.1 and 1 micron. 

6 

to Jbouf2o^'"''°''*'°" '° °' 1 to 10 where the oligomer has a Tg less than 

75 ia A coating composition according to any one of Claims 3 to 12 where the oligomer has a molecular 
weight between about 300 and 10.000. c ikk, a moiecuiar 

14. A coating composition according to any one of Claims 3 to 13 where the oligomer has a molecular 
weight between about 500 and 5,000. moiecuiar 

20 

15. A coating composition according to any one of Claims 3 to 14 where the polymeric binder is produced 
by micronizing the aqueous dispersion with high shear to a micronized aqueous dispersion havina 
organic phase particle size droplets less than 5 microns. ^ 

^ol^rSnr""'°''*"'" '° ^ ""^ Prece^ng claims where the oligomer is a 

?reSe^coSyS°" " ^ "'"'^ polyurethane oligomer comprises a polyester- 

*an"!:iaToXymer" *° "'"^ '"'^""''^^^ « P°'V-e- 

36 Colymer"^ c°'"POsition according to any of the Claims 1 to 15 where the oligomer is a polyester 

^i,pX"er. '°'"''°"'**°" °' ^"^^^ '^'^ P°'y«^t^' ^"go"'^^ "mprlses a polyester-amide 

40 21. A coating composition according to any one of Claims 1 to 15 where the oligomer is a chlorinated 
hydrocarbon, a chlorinated fatty acid or a chlorinated fatty acid ester. cniorinated 

^ ?omnS frrc°f to any one of the preceding Claims where the addition polymer 

compnses emulsion copolymerized vinyl acetate monomer 

2a A coating composition according to any one of the preceding Claims where the addition polymer 
compnses emulsion copolymerized acrylic monomer. poiymer 

24. A coating composition according to Claim 23 where the addition polymer comprises emulsion 
so copolymenzed acrylic monomer and styrene. u>»pri5e5 emuision 

25% S saiS o'JgSr *° '"'^''^ 1°°/° 

Jo^^^^^ producing an aqueous ambient dry coating composition containing a polymeric binder 
free of organic coalescing solvent, the process steps for producing the polymeric binder comprising 

producing a micronized, aqueous pre-emulsion of oligomer modifier selected from a polyurethane 
a polyester, a chlorinated hydrocarbon and/or a chlorinated fatty acid or fatty acS ester the p^e 
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emulsion having an organic phase droplet size less than 10 microns by high shear mixing at 
temperatures between 20°C and 100**C of an aqueous mixture of the oligomer containing by weight 
between 40% and 70% oligomer, where the oligomer has a Tg less than -20*'C and number average 
molecular weight between about 300 and 5,000; 

mixing the pre-emulsion with an emulsion copolymerized addition polymer comprising ethylenically 
unsaturated monomers to produce a polymeric binder containing by weight between about 3% and 
30% oligomer, where the polymeric binder has a Tg less than 20**C. 

27. A process according to Claim 26 where micronizing produces a micro-emulsion having an organic 
phase particle size droplet less than 1 micron. 

28. A process according to Claim 26 or Claim 27 where the micronizing produces organic phase particle 
size droplets less than 0.7 microns. 

29. A process according to any one of Claims 26 to 28 where the micro-emulsion is formed at 
temperatures between about 45°C and 60**C. 

30. A process according to any one of Claims 26 to 29 where the oligomer has a molecular weight between 
500 and 2.000. 

31. A process for producing an aqueous ambient dry paint coating containing a polymeric binder free of 
organic coalescing solvent, the process steps for producing the polymeric binder comprising: 

providing an organic solution comprising vinyl acetate monomer and oligomer having a number 
average molecular weight between 200 and 20,000 and selected from a polyurethane, a polyester, a 
chlorinated hydrocarbon and/or a chlorinated fatty acid or fatty acid ester, the oligomer having a Tg 
below about -20''C, where the organic solution contains at least 3% by weight of said oiigomer 

dispersing the organic solution into water to produce an aqueous dispersion; 

micronizing the aqueous dispersion under high shear to produce a micro-dispersion having organic 
phase particle size droplets less than 5 microns; and 

polymerizing the vinyl acetate monomer to produce a po\ymQnc binder having a Tg less than 20°C 
comprising an emulsion vinyl acetate polymer containing said oligomer. 

32. A process according to Claim 30 where micronizing produces organic phase particle size droplets less 
than 1 micron. 

33. A process according to Claim 31 or Claim 32 where the micronizing produces organic phase particle 
size droplets less than 0.7 microns. 
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